Maize (Zea mays L.) produced in narrow rows can increase yields and accelerate canopy closure. Costly equipment modifications make narrow rows impractical, but a twin-row configuration may boost production with fewer equipment modifications. Four field experiments were conducted to measure weed biomass, leaf area index (LAI), and yield for a conventional (CN) and a glyphosate-resistant (GR) hybrid across three plant densities (low 4.0-4.4 plants m −2 ; medium 5.9-6.4 plants m −2 ; and high 7.9-8.4 plants m −2 ) and two row configurations (single vs. twin) in a conservation tillage system during the 2005 growing season. The experimental design was a split-split plot with a RCB arrangement of whole plots where hybrids were assigned to main plots, row configurations to subplots, and plant density to sub-subplots with four replications. Row configuration had little effect on weed biomass compared to plant density and hybrid. Leaf area index increased with higher plant density at all locations. In general, LAI increased with the twin-row configuration, but LAI also varied with hybrid based on interactions between hybrid and plant density or row configuration. Row configuration had little impact on maize yields, while plant density had the most effect on yields. Plant density also interacted with hybrid or row configuration at multiple locations, although maize yields did not always increase with higher plant density. Conventional hybrids may also provide an alternative to GR hybrids, particularly at lower plant densities. Maize yield increases with twin rows were minimal and may not justify twin row conversion under dryland conditions, but growers that already utilize twin-row equipment will not suffer yield decreases by planting twin rows.
Introduction
Maize production can benefit from altering agronomic practices, such as reducing row widths. Numerous studies have reported that decreasing row widths can decrease early season weed competition by promoting quicker canopy closure (Norsworthy and Oliveira, 2004; Shrestha et al., 2001; Teasdale, 1995) . As crop row widths decrease, less light transmission to the soil surface diminishes weed emergence and creates an advantage for the crop (Forcella et al., 1992; Shrestha et al., 2001; Teasdale, 1995; Tharp and Kells, 2001) .
In addition to decreasing weed competition, narrow rows can also increase maize yields through increased maize growth. Increased light interception by the maize canopy in narrow rows translates into greater early season growth and quicker canopy closure (Bullock et al., 1988; Teasdale, 1995) . Porter et al. (1997) reported a 7% yield increase by narrowing 76 cm rows to either 51 or 25 cm rows averaged over 9 site-years; however, there was no advantage for 25 cm row conversion, due to harvest and equipment limitations. Nielsen (1988) showed a 2.7% increase for maize planted in 38 cm rows compared to 76 cm rows across 9 locations. Widdicombe and Thelen (2002) reported 2 and 4% maize yield increases across two separate growing seasons when rows were reduced from 76 cm to 56 and 38 cm. Other research indicates no yield advantage when maize is planted in narrow rows (Farnham, 2001; Johnson et al., 1998) .
Narrow row maize production dictates that plant density must also be considered. As row width narrows, plant density can be increased to achieve a more equidistant spacing to reduce competition among plants (Farnham, 2001) . There is a limit to increasing plant density where interplant competition for light, water, and nutrients can reduce yields (Bullock et al., 1988; Duncan, 1984) . However, the magnitude of this competition on yield varies with environment and genotype (Duncan, 1984) .
Previous reports indicate that differences between hybrids can affect maize response in narrow rows. Farnham (2001) reported that certain hybrids may perform better in narrow rows based on relative maturity. Farnham (2001) examined six hybrids and found that later maturing hybrids appeared to perform better across 0378-4290/$ -see front matter. Published by Elsevier B.V. doi:10.1016/j.fcr.2010.10.013 narrow rows, but earlier maturity hybrids were more suited to traditional row spacings. This response was unexpected, since early maturing hybrids with their narrow leaf architecture would be expected to perform better in a narrow row environment, while the full canopy associated with later maturing hybrids would be more appropriate for wide row spacings (Farnham, 2001) . In contrast, Westgate et al. (1997) indicated that hybrids capable of altering leaf display angles or whorled leaves might perform better in narrow rows. However, Westgate et al. (1997) also stated hybrids that perform well at high plant densities will also perform well as row spacings decrease due to no interactions observed between hybrid and row spacings or row spacings and plant densities (Nielsen, 1988; Ottman and Welch, 1989) . Previous hybrid work has focused on comparisons between different hybrid characteristics discussed above, but none have compared hybrids with different genetic traits.
Data also suggest that maize yield increases attributed to narrow rows are greatest in northern locations and diminish as research trials are conducted further south (Farnham, 2001; Widdicombe and Thelen, 2002) . These differences are implied to pertain to differences between the Northern and Southern U.S. Maize Belt. This indicates potential problems may arise when attempting to grow narrow row maize in the Southeast much farther south than the traditional U.S. Maize Belt. Southeastern soils are typically highly degraded Ultisols characterized by coarse textures, poor structure, and low organic matter contents (<1.0%), which contributes to limited water holding capacities (Radcliffe et al., 1988) . Low water holding capacities of southern soils could limit the feasibility of increasing plant densities and decreasing row widths due to interplant competition.
One production practice that Southeast growers may utilize to offset poor regional soils are conservation systems that utilize a high residue cover crop. Langdale et al. (1990) and Reeves (1997) indicated that utilizing a conservation system on highly degraded soils may improve those soils physically, chemically, and biologically. The cover crop, a key component of a conservation system, provides several advantages for soils in this region. Cover crop residue has been shown to improve soil structure, water-holding capacity, and water infiltration attributed to slight increases in organic matter content (Dabney, 1998; Dabney et al., 2001; Truman et al., 2003) . In addition, Hanson et al. (1993) and Roberts et al. (1998) showed that cover crops, particularly legumes, can be profitable for maize in traditional row spacings. Residues can also act as a physical barrier or mulch, limiting sunlight needed for weedseed germination and releasing allelopathic chemicals that reduce early season weed growth before canopy closure (Price et al., 2006; Reeves et al., 2005; Teasdale and Mohler, 2000) . High residue conservation systems may increase the feasibility of narrow row maize production in the Southeast especially in dryland production, but the cost of conversion may limit grower adoption. Lambert and Lowenberg-Deboer (2001) acknowledged that yield increases associated with narrow rows may be insignificant compared to the cost of conversion.
An alternative to planting narrow rows, while maintaining many of the benefits, is a twin-row planting configuration (Karlen and Camp, 1985) . A twin-row system will allow under the row subsoiling, which is necessary across Coastal Plain soils, and fertilization and harvesting can be accomplished with standard equipment (Karlen and Camp, 1985; Karlen et al., 1987) . In the southeastern United States, maize is a good rotation crop for peanut (Arachis hypogea L.) (Johnson et al., 1999) . In addition, previous work has investigated the benefits of twin-row peanut production, especially from a pest management standpoint leading to the adoption of twin-row peanut production (Balkcom et al., 2010; Culbreath et al., 2008; Lanier et al., 2004) . There is also research underway exploring the benefits of twin-row cotton (Gossypium hirsutum L.) produc-tion in the Southeast (Reddy and Boykin, 2010) . Fewer equipment modifications are required for a crop grown in a twin-row configuration, and growers that currently utilize a twin-row planter for an existing crop could adopt this practice easily while spreading equipment costs across multiple crops. Therefore, our objective was to examine how maize hybrid, row configuration, and plant density affected weed biomass, leaf area index (LAI), and maize grain yield in a conservation system. The experimental design was a split-split plot with a RCB arrangement of whole plots (r = 4). Conventional (CN) or glyphosate resistant (GR) hybrids were assigned to main plots, single-or twin-row configurations to subplots, and low (4.0-4.4 plants m −2 ), medium (5.9-6.4 plants m −2 ) and high (7.9-8.4 plants m −2 ) plant densities to sub-sub plots. Sub-sub plot dimensions for GCS and TVS were 15.2 m by 3.0 m. Single rows were spaced 76 cm apart and twin rows were spaced 19 cm apart on 76 cm centers. Plot dimensions for WFREC and WGS were 15.2 m by 3.7 m with single rows spaced 91 cm apart and twin rows spaced 19 cm apart on 91 cm centers.
Materials and methods
Hybrids utilized at each location were selected from the same parent line to minimize genetic differences among hybrids and restrict the major hybrid difference to the specified genetic trait (i.e., herbicide technology). Two parent lines were chosen because of known environmental differences between northern Alabama, southern Alabama and northern Florida. The parent line chosen for northern Alabama was from Pioneer (Pioneer; Johnston, IA) and included Pioneer 31N27 ® as the CN hybrid and Pioneer 31N26 ® as the GR hybrid. In southern Alabama and northern Florida, Dekalb (Dekalb Genetics Corporation; Dekalb, IL) was chosen as the parent line and consisted of DK697 ® as the CN hybrid and DKC 69-72 ® as the GR hybrid.
All four locations utilized a conservation system that included a rye (Secale cereale L.) or oat (Avena sativa L.) cover crop established with a no-till drill seeded at 100 kg ha −1 in November of 2004. Cover crops were terminated with glyphosate [isopropylamine salt of N-(phosphonomethyl) glycine] at least 2 week prior to maize planting. Biomass samples were determined immediately prior to chemical termination by cutting all aboveground tissue from two random 0.25 m 2 areas within each plot, drying at 55 • C for 72 h, and weighing. Cover crop termination timing was not based on growth stage, but corresponded to anticipated maize planting date to allow maximum biomass production and soil moisture recharge with natural rainfall (Balkcom et al., 2007; Dabney, 1998) . All relevant information pertaining to the cover crops is summarized in Table 1 .
Approximately 2 d prior to maize planting, all plots were in-row sub-soiled 35-40 cm deep with a KMC Generation I Rip-Strip (Kelly Manufacturing Co., Tifton, GA). This strip tillage configuration consisted of a coulter, shank, and pneumatic press wheels. Both maize hybrids were seeded at the previously described plant densities for single-and twin-row configurations. Individual plant densities for both rows of the twin-row configuration were reduced by one half to match the equivalent plant density of the single-row configuration. Dates that correspond to all cultural practices including planting, spraying, harvesting, and sampling times for each location are summarized in Table 2 . Single-and twin-row configurations were seeded with a Great Plains 1510P Precision Three-Point (Great Plains Manufacturing Inc., Salina, KS) planter at GCS and TVS. Single rows at WFREC and WGS were seeded with a John Deere 1700 Max-Emerge Plus (Deere & Co., Moline, IL) planter equipped with Dawn (Dawn Equipment Co., Sycamore, IL) row cleaners. At WFREC, twin rows utilized the same planter; however, a shifter was attached to the tractor three-point hitch to offset the planter units and enable two passes of the row units to accomplish the twin-row configuration. The tractor was driven down the single-row plots again after the planting operation to eliminate differences associated with equipment traffic. At WGS, twin rows were seeded with a Monosem (Monosem Inc., Edwardsville, KS) twin row planter that had a coulter mounted in front of each individual row. The Great Plains 1510P Precision Planter did not have the capability to plant rows >76 cm; therefore, this planter could not be used at WFREC and WGS. Typical farm equipment (i.e. tractors, sprayers, combines) used at these two locations could not be altered for row spacing <76 cm; therefore, existing equipment at WFREC and WGS was utilized to manage this experiment with 91 cm rows. Following typical weed control practices in each herbicide system, metolachlor [acetamide, 2-chloro-N-(2-ethyl-6methylphenyl)-N-(2-methoxy-1-methylethyl)-, (S)] was applied pre-emergence (PRE) to CN treatments. A single post-emergence (POST) application of atrazine(2-chloro-4-ethylamine-6isopropylamino-s-triazine) for the CN variety was used until the V7 growth stage. Glyphosate was applied within three weeks of planting at GCS and WGS, and approximately 6 weeks after planting at WFREC and TVS.
Weed biomass samples were taken prior to POST herbicide applications at all locations. Three samples were randomly collected from each plot under yield rows from a 0.25 m 2 area. Samples were grouped by plot and oven dried at 55 • C for 48 h, prior to weighing. Leaf area index (LAI) readings were taken at two different times prior to canopy closure with a LI-COR 2000 Plant Canopy Analyzer (LI-COR, Inc., Lincoln, Nebraska). An additional third sampling time for LAI was included at GCS and WGS. Measurements were collected from one location in the middle of each plot using a 90 • angle cap. A reading was collected above the canopy and below the canopy with the wand perpendicular to the row.
Maize was harvested during August or September of 2005 using a mechanical combine except for WFREC, where 3.0 m sections were hand-harvested at 2 different locations within each plot due to severe lodging damage caused by Hurricane Dennis. All grain yields were adjusted to 155 g kg −1 .
Statistical analysis
Data were analyzed with location in the model and there were significant location × treatment interactions across response variables. Weed biomass, LAI, and grain yield were analyzed based on a general linear mixed model procedure using SAS software, [release 9.2, SAS Institute Inc., Cary, NC; (Littell et al., 2006) ] within each location, with data and discussion presented by location. Data were analyzed with replication, hybrid, row configuration, plant density, and the interactions among hybrid, row configuration, and plant density as fixed effects in the model, while replication × hybrid and replication × hybrid × row configuration were considered random. Fixed effects and interactions were considered different if Pr > F was ≤0.10. Least significant difference (LSD) mean comparison tests were used to further distinguish differences between treatment means. 
Results and discussion

Climate data
Rainfall amounts and distribution across all four locations during the 2005 growing season are shown in Table 3 . Rainfall totals at GCS and WFREC were similar, but rainfall distributions were different, despite these locations being located close to each other (∼120 km). Rainfall distribution at GCS was plentiful each month and was characterized by a very wet month of April (Table 3) . At WFREC, rainfall amounts were abundant, except for May, but July was extremely wet due to rainfall from Hurricane Dennis. Rainfall totals at both locations averaged 30% greater than rainfall received at WGS. Rainfall distribution at WGS was evenly distributed throughout the growing season, except for May. The lowest rainfall totals were recorded at TVS, and this total averaged 67% less than the other three locations (Table 3 ). The greatest rainfall received at TVS was recorded during July, which corresponds to a critical grain filling period for maize in the Southeast.
Locations ranged from northern Alabama to northern Florida and rainfall amounts and distribution across various soil types with different environmental conditions contributed to the requirement of our statistical analyses for all variables be performed by location. Although all experiments were conducted during one growing season, this scenario is similar to a study conducted at a single location across multiple growing seasons. Often, individual growing seasons can be drastically different, which requires analyses and interpretation of the results be performed by growing season (i.e. year). Data from our set of experiments represents four site-years of data, as opposed to typical field experiments at a single location that may only represent three site-years of information. [Cynodon dactylon (L.) Pers.], large crabgrass, pitted morningglory, (Ipomoea lacunosa L.), prickly sida (Sida spinosa L.), and smooth pigweed (Amaranthus hybridus L.) were the dominant species at TVS. Large crabgrass, Texas panicum (Panicum texanumBuckl.), purple (C. rotundusL.) and yellow nutsedges, sicklepod, and Palmer amaranth (Amaranthus palmeri L.) were the dominant weed species present at WGS. Bermudagrass, Palmer amaranth, pitted morningglory, purple and yellow nutsedges, and sicklepod were the dominant weed species at WFREC. All POST herbicide applications were applied after weed biomass sampling with the exception of TVS (Table 2) . By sampling prior to POST applications, early season weed pressure related to the effects of plant density, herbicide system associated with specific hybrids, and subsequent weed suppression of cover crop residues could be examined. Delaying herbicide applications can reduce yields due to weed competition (Dalley et al., 2004) . Although glyphosate was applied PRE at TVS, it has no residual soil activity (Dalley et al., 2004) , which enabled weed biomass evaluation, prior to POST applications at this location.
Weed biomass
A difference in early season weed biomass levels was observed between hybrids at GCS (P = 0.0177) and TVS (P = 0.0002), although differences were not consistent across locations (Table 4) . At GCS, weed biomass measured following a PRE application of metolachlor in the CN plots was 2.4 times greater than weed biomass measured from GR hybrid receiving no PRE herbicide (Table 4) ; however, weed biomass was relatively low reflecting the early season sampling, thus unlikely impacting yield (Teasdale and Mohler, 2000) . Metolachlor was not effective in controlling weeds in CN plots at GCS; however, no PRE herbicides were applied in the GR plots, despite lower weed biomass values. Despite anticipated residual weed control, Norsworthy and Oliveira (2004) reported that densely accumulated seedbanks that contain species capable of emerging over a broad period can be difficult to control. At TVS, metolachlor provided excellent weed control prior to POST applications. Weed biomass measured across the GR hybrid plots was 22 times greater compared to weed biomass measured from CN hybrid plots (Table 4) ; however, weed biomass in both hybrid systems was again relatively low and not likely to impact yield. The superior control of metolachlor at TVS may be related to the limited cover crop biomass production at this location (Table 1) . Previous research has shown that cover crop residues can interfere with soil reception of herbicides and reduce weed control (Banks and Robinson, 1982) .
An interaction was observed between hybrids and row configurations (P = 0.0395) at WFREC. The PRE application of metolachlor reduced weed biomass 43% compared to no PRE herbicide (124 vs. 219 kg ha −1 ) in the single-row configuration. In the twin-row configuration, there was no difference between hybrids, although the CN hybrid received PRE metolachlor. A comparison between row configurations within the GR hybrid showed a 31% reduction (219 vs. 150 kg ha −1 ) in weed biomass for the twin-row configuration. Although average weed biomass levels measured at this location were greater than levels previously discussed at GCS and TVS, weed suppression was apparent in the twin-row configuration. Previous studies have documented reduced weed biomass as row widths were reduced (Dalley et al., 2004; Forcella et al., 1992; Teasdale, 1995) . ; medium (5.9-6.4 plants m −2 ); high (7.9-8.4 plants m −2 ). 
Leaf area index
As expected, leaf area increased as plant density increased when averaged across hybrids and row configurations (Table 5 ). An interaction was observed between row configuration and plant density (P = 0.0173) at WGS, when averaged across hybrids. The twin-row configuration produced more leaf area compared to the single-row configuration across all plant densities with the greatest values recorded at the highest plant density (Fig. 1) . Interestingly, leaf area measured in the twin-row configuration at the low plant density was equivalent to leaf area values in the single-row configuration at the medium plant density (2.09 vs. 2.15 m 2 m −2 ; Fig. 1 ). This was also observed for the twin-row configuration at the medium plant density compared to the single-row configuration at the high plant density (2.34 vs. 2.40 m 2 m −2 ; Fig. 1 ). This finding supports previous research stating that decreased row widths allow the crop to utilize sunlight more efficiently due to increased leaf area (Bullock et al., 1998 ).
An interaction was also observed between maize hybrid and row configuration at GCS (P = 0.0789) and WGS (P = 0.0082) (Table 6) . At GCS, the lowest LAI recorded was for the GR hybrid in the twin-row configuration, despite twin rows typically producing the highest leaf areas. In the twin-row configuration, leaf area measured in the GR hybrid was less than the CN hybrid (Table 6 ). Initially, it was suspected that early season weed pressure may have suppressed maize emergence prior to POST herbicide applications. As a result, maize leaf area would have been reduced because of early season weed pressure. However, weed biomass measured at GCS across the GR hybrid was reduced compared to the CN hybrid (Table 4) . By eliminating early season weed pressure, the difference between LAI values at GCS could be related to canopy structure and leaf orientation between the CN and GR hybrids. Canopy architecture has been shown to differ among hybrids (Maddonni and Otegui, 1996) . Cultural practices (i.e., plant density, row spacing) can also modify canopy architecture (Maddonni et al., 2001) . For example, Girardin and Tollenaar (1994) reported that maize leaf orientation was more perpendicular to the row in the upper canopy at high plant densities compared to low densities. Leaf area values were lower from the GR hybrid at WGS, but the twin-row configuration produced the greatest leaf areas, regardless of hybrid at this location (Table 6 ).
Maize grain yields
Maize yields measured at WGS revealed an interaction between maize hybrid and row configuration (P = 0.0631). Maize yields were similar among each hybrid and row configuration, except for yields measured in the single row, GR hybrid combination. At the same location, this treatment combination also produced low LAI values (Table 6 ) which corresponded to reduced yields, implying that limited light interception lowered yields. Bullock et al. (1988) reported that increased yields in maize plants with equidistant spacing could be attributed to increased leaf area. However, other research indicates that maize production is more related to light utilization than light interception (Daughtry et al., 1983; Tollenaar and Bruulsema, 1988) .
There was also an interaction between maize hybrid and plant density at TVS (P = 0.0063) and WGS (P = 0.0341). At both locations, the CN hybrid yielded higher than the GR hybrid at the low and medium plant densities, while no difference was observed at the high density (Table 7) . At TVS, maize yields were 5% and 13% higher for the CN hybrid across the low and medium plant densities, while maize yields were 23% and 18% higher for the CN hybrid across the low and medium plant densities at WGS (Table 7) . These results agree with conclusions presented by Karlen and Camp (1985) specifying plant densities should not surpass 7.0 plants m −2 for dryland maize production. This recommendation was based on results from conventional tillage plots, but under conditions of these experiments also applied to conservation tillage plots. A comparison across plant densities and hybrids at TVS indicated that the highest yields were measured in the medium plant density for the CN hybrid, but the highest plant density produced the highest yield for the GR hybrid (Table 7) . At WGS, lowest yields were observed in the low plant densities, regardless of hybrid, but there was no difference between low and medium plant densities ( Table 7) . The medium plant density produced equivalent yields to the high plant density, except for the GR hybrid. Maize yields from the GR hybrid, at the medium plant density, averaged 20% less yield compared to high plant density (Table 7) .
This experiment only represents two sets of sister hybrids that contain or do not contain a gene for herbicide resistance. However, the GR hybrid did not appear to perform as well as the CN hybrid at the low and medium plant densities under the conditions of these experiments. Elmore et al. (2001) reported a 10% yield decrease for herbicide resistant cultivars compared to their non-herbicide resistant sister cultivar in soybean [Glycine max (L.) Merr.]. However, plant density was not a factor in this experiment and conventional tillage practices that did not include a cover crop were used. The increased flexibility of herbicide resistant crops allows POST herbicide applications to weeds, regardless of size (Tharp and Kells, 2001) which may have previously limited concerns related to how herbicide resistant hybrids perform compared to their non-resistant counterpart.
Row configuration interacted with plant density at GCS (P = 0.0268). Twin rows produced 16% greater maize yields compared to the single-row configuration at the highest plant density (Table 8 ). Maize yields averaged over row configurations at the medium plant density were 28% higher than yields averaged over row configurations at the low plant density (Table 8) . Maize yields were equivalent between medium and high plant densities within the same row configuration. However, twin-row maize at the high plant density yielded 10% greater than single-row maize at the medium plant density, while twin-row maize at the medium plant density yielded 11% greater than single-row maize at the high plant density (Table 8) . At WFREC, a 3-way interaction was observed between hybrids, row configurations, and plant densities (P = 0.0160). Differences among plant densities were only observed in the CN and GR hybrids for single rows (Fig. 2) . Medium and high plant densities produced maize yields that averaged 26% greater than the low plant density for the CN hybrid, but maize yields in the high density were 34% greater than average yields produced in the low and medium plant densities for the GR hybrid. No yield differences were observed within the twin-row configuration across hybrids (Fig. 2) . At the low and high plant density, both hybrids produced equivalent yields in single rows. Maize yields from the CN hybrid in single rows and medium plant density averaged 47% and 40% greater than GR hybrid yields at the low and medium plant densities in single rows (Fig. 2) . The same observation was made when comparing CN hybrid yields at the high plant density to the GR hybrid in low and medium plant densities within single rows, but differences were somewhat less (Fig. 2) . When observations were made across row configurations, it becomes apparent that single rows at the low and medium plant densities within the CN hybrid and the GR hybrid at the high plant density in single rows produced superior maize yields when compared to any twin-row combination (Fig. 2) . Conventional maize yields in single rows at the low plant density were similar to all twin-row yields, regardless of hybrid or plant density.
Research indicates that a narrow row configuration requires increased plant densities combined with non-limiting soil moisture conditions to increase maize yields (Fulton, 1970; Karlen and Camp, 1985) . Coarse textured soils utilized for maize production under dryland conditions would not be expected to support increased plant densities across any row configuration. Karlen and Camp (1985) reported maize yield reductions in the Atlantic Coastal Plain were attributed to erratic seasonal rainfall distribution and soils with low water holding capacities, despite average annual rain-fall exceeding 1100 mm. Karlen and Camp (1985) did report an average yield increase of 640 kg ha −1 for twin rows planted with conventional tillage, but plots were irrigated.
Employing conservation systems with high residue cover crops for reducing soil evaporation and increasing rainfall infiltration (Lascano et al., 1994) may increase the feasibility of greater plant densities and/or different row configurations. However, cover crop residue amounts produced at our locations averaged 1330 kg ha −1 (Table 1) , which is 70% below the minimum amount (4500 kg ha −1 ) suggested by Reiter et al. (2008) to qualify as high residue. This is a common problem for maize production because this crop is typically planted early in the spring which dictates an early termination date that limits the cover crop growing season and subsequent biomass production (Balkcom and Reeves, 2005) . Reduced accumulation of cover crop residue offsets potential soil moisture benefits thereby preventing this conservation system to consistently overcome moisture limiting conditions required to maximize yields for high populations in twin rows, although comparable yields were achieved in our study.
Conclusions
Dryland maize production across the Southeast is typically limited by soil moisture attributed to the prevalent coarse soil textures located across the region. Conservation tillage combined with a cover crop can help preserve soil moisture during short term droughts while simultaneously utilizing the residue for early season weed control. The combination of early season weed control and soil moisture conservation could allow plant densities to be increased alone or in conjunction with different row configurations. Furthermore, the use of CN maize hybrids could be advantageous for growers concerned about herbicide resistant weeds. Although not observed at each location, the twin-row configuration appeared to reduce early season weed biomass when no PRE herbicides were applied. Leaf area index increased across locations as plant density increased and generally increased in the twin-row configuration. At one location, the twin-row configuration at a lower plant density produced greater leaf area than the single-row configuration at the next highest plant density. In general, CN maize yields were equivalent or greater than GR maize yields, particularly at low and medium plant densities. The twin-row configuration provided no consistent yield advantage, which could indicate that soil moisture was still a limiting factor across these soil types for high yield potential in twin rows, despite the use of a cover crop. Although not examined in this study, we speculate that irrigated maize growers could benefit the most from increased plant densities in twin rows with a conservation system. The lack of consistent maize yield increases attributed to the twin-row configuration may not justify the conversion of dryland maize areas to twin rows, but growers that already utilize twin-row equipment for other crops (e.g., peanut, cotton) may consider planting maize in twin rows at plant densities < 7.0 plants m −2 without suffering yield losses.
